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Objective
* Develop an enabling advanced power technology
and balloon architecture which will enable

sustained atmospheric exploration of Venus over
a wide range of altitude (from 55km to 15 km)

Previous Venus aerial Missions (Balloons)

* Russian "VEGA" missions (1985).Two balloons of
3.5m diameter super-pressure helium balloons
with 7-kg instrumented payload were deployed
Into the Venus atmosphere, and floated for 48 h
at 54 km altitude.

* Powered by primary batteries (1 kg of lithium
batteries with 250 Wh), the VEGA balloons
operated only In the benign temperature regime.

Variable Altitude Balloon- Feasible Option
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Altitude controlled balloons represent a “sweet spot” in Altitude 50 to 60 km

the aerial platform option space.

* BEnhanced Range
Altitude 40 to 60 km
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« Gas composition, especially the active species.
 Cloud and Haze Composition and Properties.

« Atmospheric Structure Investigations:

« Geophysical Investigations: Magnetic measurements and

seismic infrasound experiments
« Surface Imaging:

VIP-INSPR Novel power source using In-situ
resources for Long-duration VABs

Solar power
Electrolyze H,O

Approach High Alttude Balloon

+Abundant solar power
* Kapton balloon *Bring stored H, (metal hydride) and O,

(compressed gas cylinder)

* H, lifting gas & for

\ «
0k

energy storage -

* Solar power at high Descend below clouds
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« Regen. solid oxide fuel Ascend above clouds H,/O, Fuel cell

cell (SOFC) power *Release H, back into balloon 10-20 km

. *Operate on solar power
below CIOUdS: at nlghts *Electrolyze H,O back into H, and O, A_A
and regenerates H,/O, \ )

« Generation of hydrogen (fuel) and oxygen at high altitude from in

Situ resources, I.e., solar energy and water (from the Venus
clouds or carried from ground) and generation of power at low
altitudes utilizing fuel in a high temperature fuel cell.

 Hydrogen used as a lifting gas for buoyancy to navigate the
probe across the Venus clouds.

 Can operate for extended durations (not limited by power or
lifetime).

Power Architecture
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H, Transfer from MH into Balloon

» Absorption/desorption kinetics are rapid both at 25-300°C,
about 90% within 10 minutes.
* Desorption is endothermic. Provides cooling at low altitudes

Solid Oxide Fuel Cell (SOFC) or Electrolysis Cell (SOEC)

« Standard NI/'YSZ/LSM SOFCs operate from 750-1000°C
 High reliability (>19,000 hr) High power density (0.75 W/cm?)
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Notional Balloon Operational Sequence

Altitude stabilization at 64 km
Ascent to 60 km

Release H2 into balloon to ascend
Loiter at 24 km

Altitude stabilization

Descent to 24 km

Descent to 30 km
Descent to 40 km
Descent to 50 km
H2 capture from balloon
Fuel generation

System check

Altitude stabilization
Fill Balloon

Time, h

Balloon Design (compared to Vega Balloons)

Initial Design Comparison
VIP-INSR Vega Aerostats
Type /PB Soherical B
Gas 8.1 kgof Hydrogen | 2.1 kg of Helium
Volume 855 m° 20.6 m’
. 11.8 m (65 km)
D t 3.4
AmELEr 1.1m (10 km) T
Envelope Material 1 mil coated Kapton| Teflon Laminate
Fvelope Density 37.8g/m’ 300 g/m°
12.5kg
Envelope Mass 16.6kg (Includes 13 mtether
Payload Mass (Sience) 20 kg 6.9 kg
Design Altitude 10-65 km 54 km

» Science Payload:~20 kg (Balloon mass:100 kg)

Power Technology Challenges

Aqueous | R
Li-MnO2
Li-SO2
LiI-CFXx
Li-SOCI2 = = =
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Battery options not available
Reduced solar flux below the clouds: 2600 W/m? at high altitudes
and ~9 W/m? at the surface.
90 bar pressure and +465°C heat sink- challenge for nuclear option
Need to develop new power technology

Metal Hydrides for H, Storage
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« MH absorb hydrogen at high altitudes and
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« Capacity: 2-7 w% and High volumetric density Py R RT
« Materials choice based on temperature
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* Altitude cycling and control by means of buoyant gas storage.
» About 200 g of H, gas results in balloon to descend to 10 km in 7h.
» Withdrawing smaller amounts results in longer descent times.

* Re-filling the balloon with stored gas allows the balloon to return to
positive buoyancy and ascend.

Possible Science Instruments in Gondola

Atmospheric Gas Composition:
0 Mass Spectrometer
o Tunable Diode Laser Spectrometer,
0 UVI/IR spectrometer
0 Chemical Sensors (MEMS based)

Cloud and Haze Particles
0 Nephelometer
0 Light Optical Atmospheric Counter,
o0 Raman Lidar
0 Imaging microscope - and
0 Aerosol Mass Spectrometer
Atmospheric Structure
0 Atmospheric structure instrument
o Net Flux Radiometer,

o Ultra Stable Oscillator |\/|a33, volume and
 Geophysical Sensors

o  Magnetometer power needs to be

o Electromagnetic Sounder established for these

o Infrasound sensors instruments

o Lightning Detector

Surface Observations
o NIR Iimager
o Visible imager if possible
o Radar altimeter - Measures range to the surface.
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